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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGET MEASUREMENTS WITH TEE DOUGLAS D-558-II

(BUAERO NO. 37974) RESEARCH ATRPLANE

DETERMINATION OF THE AERODYNAMIC CENTER AND ZERO-LIFT
PITCHING-MOMENT COEFFICIENT OF THE WING-FUSELAGE
COMBINATION BY MEANS OF TATL-LOAD MEASUREMENTS
IN THE MACH NUMBER RANGE FROM 0.37 TO 0.87

By John P. Mayer, George M. Valentine,
and Geraldine C. Mayer

SUMMARY

FPlight measurements of aerodynamic tail loads have been made on the
Douglas D-558-II airplsne from which the veriation with Mach number of
the wing-fuselage gerodynamic center, the static-longitudinal-stebility
parameter (BQM/BCL)WF, the tail load per g, and the zero-lift wing-

fuselage pitching-moment coefficient have been determined up to a Mach
number of 0.87. These measurements indicate thet for the normal-force-
coefficient range covered in these tesats the wilng-fuselage aerodynamic
center moves rearward wilith Mach number up to & Mach number of 0.87. The
wing-fuselage aerodynemic center is about 10 percent of the mean aerody-
~nemic chord st a Mach number of 0.37 and moves gradually rearward to

15 percent of the mean aerodynamic chord at a Mach number of 0.80. From
a Mach number of 0.80 to 0.87 the aerodynamic center moves more rapidly
rearward to sbout 20 percent of the mean aerodynamic chord. R

The wing-fuselage pltching-moment coefficient at zero 1ift‘(CMo)

is approximately -0.04 and does not vary with Mach number up to a Mach
number of 0.87.

The serodynemic horizontel-tail load per g found from these measure-
ments for the Douglas D-558-II airplane for a weight of 9600 pounds and
a center-of-gravity location of 26 percent mean serodynamic chord is
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about 520 pounds per g at s Mach number of 0.37 and decreases to about
400 pounds per g at a Mach number of 0.80. As the Mach number increases
from 0.80 to 0.87 the tail load per g decreases to sbout 200 pounds per g.

INTRODUCTION

As s portion of the cooperative NACA-Navy Transonic Flight Research
Program, the NACA is utilizing the Douglas D-558-II research airplane.
These tests are being mede at the NACA High-Speed Flight Research Station
at Edwards Air Force Base, Calif. This paper presents results from the
measurements of the horizontal-tail loads by means of strain geges in
the Mach number range from 0.37 to 0.87. From these measurements the
variation with Maech number of the wing-fuselage aerodynamic center, the
static-longitudinal-stsbility parameter (acM/acL)WF, the zero-lift wing-

fuselage pitching-moment coefficient (CMO) s, end the tail load per g
WF

were found and are presented in thils paper.

The Douglas D-558-II airplane is longitudinally unstaeble at high
normal-force coefficlents. The values of the serodynamic center
(BCM/BCL)WF and the teil load per g presented in this paper were deter-

mined in the normal-force-coefficient range for which the alrplane is
longitudinally stable.

Results on other serodynamic charscteristics of the Douglas D-558-II
alrplane have been presented in references 1 and 2.

SYMBOLS
(a..c.)WF serodynamic center of wing-fuselage combination, percent
mean aerodynsmic chord

c mean serodynamic chord (M.A.C.), feet
c.g. airplane center of gravity, percent mean aerodynamic chord
CNA eirplane normal-force coefficient (Normal force/qSy)
O tail normal-force coefficlent (Le/aSy)
Cy tail normel-force coefficient, corrected for pitching

Te acceleration (LTc/qST)
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wing-fuselage zero-lift pitching-ﬁoment coefficient
(Mo/a8w<)
static-longltudinal-stability parsmeter (x/T)

acceleration of gravity, feet per second per second

airplane moment of inertia 1n plitch, slug-feet square
W, 2
(&°)
radius of gyration in pitch (approx. 9.6 f£it), feet
tail length (measured between the airplene center of
gravity and the intersectlon of the 0.30 chord line
and the midsémispan of the horizontal taill;
- lp =-19.9 £t for c.g. = 26 percent M.A.C.), feet

total aerodynamic horizontal-tail load (up tail load
positive), pounds .

total serodynamic horizontal-tail load corrected for
pltching accelerstion, pounds

free-stream Mach number
zero-11ift wing-fuselage pitching moment, foot-pounds
airplane normal-load factor, g units

dynamic pressure, pounds per square foot (}pvz)
2

dynamic pressure at start of any maneuver, pounds per
" square foot

wing area, square feet

horizontal-tail area, square feet

airplane gross weight, pounds

standard airplane gross weight (9600 1b), pounds
distance from zerodynamic center of wilng-fuselage

combination to airplane center of gravity (positive
if (a.c.)yp 18 forward of c.g.), feet
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o] mass density of alr, slugs per cubic foot
g - pitching acceleration, radlans per second per second
" ATRPLANE

The Douglas D-558-1II asirplane has sweptback wing and tail surfaces
and was designed for combination turbojet and rocket power plant. The
airplane being used in the present investigation (Bufero No. 3797h4) does
not yet have the rocket engine installed. This airplane 1s powered only
by & J-34-WE-4O turbojet engine which exhausts out of the bottom of the
fuselage between the wing and the tail. Both slats and stsll-control
vanes are incorporated on the wing of the airplane. The wing slats can
be locked in the closed position or they can be unlocked. When the slats
are unlocked, the slat pusition 1s a function of the angle of attack of
the alrplane. The airplane is equipped with an adjusteble stabllizer.
Photogrephs of the airplene are shown in figures 1 and 2 and & three-
view drawing is shown in figure 3. A drawing of the wing section showing
the wing slat in the closed and extended positions is gilven in figure L.
Pertinent alrplane dimensions and charecteristics are listed in table I.

INSTRUMENTATION AND ACCURACY

Standard NACA recording instruments are installed in the airplane
to measure the following quantities:

Airspeed

Altitude

Elevator end alleron wheel force

Rudder-pedal force

Normal, longitudinsl, and transverse acceleration at
the center of gravity of the airplane

Normal, longltudinal, and transverse accelerations at
the tall

Pitching, rolling, and yawing veloclties

Ailrplane angle of attack

Stabilizer, elevator, rudder, alleron, and slat positions

Strain gages are installed on the airplane structure to measure wing
and tail loads. A schematic drawing showing the horizontal-tall gage
locations 1is given in figure 5. The strain-gage clrcults operate on
direct current. The outputs of the strain gages were recorded on an
18-channel recording oscillograph. The strain gages were calibrated in
terms of tall load by applyling known loads at many points on the tall
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structure. The measured outputs of the gages were utilized to obtain
equations from which the load on the tall could be found from the gage
responses during flight. In flight, the strain gages respond to a
combination of aerodynamic and inertias loads. The loads given in this
paper have been corrected for inertia effects and represent aerodynsmic
loadings.

A free-swivellng-sirspeed head was used to measure both static and
total pressures. This airspeed head was mounted on & boom approximately
7 feet forwerd of the nose of the airplane. The vane which was used
to measure angle of attack was mounted below the same boom approximstely

h% feet forward of the nose of the airplane.

The airspeed system was calibrated for position error up to a Mach~
pumber of 0.70 by making tower passes. The swiveling airspeed head used
on the airplane was calibrated in a wind tunnel for 1nstrument error up
to a Mach number of 0.85. Tests of similar nose-boom installstions
indicate that the position error due to the flow field of the fuselage
does not vary with Mach number up to a Mach number of 0.90.

The estimated accuracles of the measured guantities pertinent to
this paper are as follows:

. S o SY o) B
Lep, POUNAE & & 4 ¢ o o o o o o s ¢ o o & s o o 5 o a a2 o« « o« « £
Tas & « ¢ o o o o o o o s o 4 s e e e s s e e s e e e e e e e *0.02

RESULTS AND DISCUSSION

A1l the data presented were obtalned with power on and the alrplane
in the clean condition, gear and flaps up. Data are presented for both
slats-locked-cloged and slats-unlocked configurations. The date presented
herein were obtained in the left and right turns at alititudes from about
10,000 feet to 25,000 feet and in the normsl-force coefficient and Mach
pumber ranges shown in figure 6. .

Typical data sre presented in time-history form and as plots of tail
loads egainst load factor and teil normal-force coefficlent agalnst
airplane normal-force coefficient.

The horizontal-tail load may be given as

X
-~ I
T Sy yo
= naW + (C - 1
el - = + —= *.
[ c 3
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and the tall normal-force coefficient based on the free-streem dynsmic
pressure is

S
c ) .’ .
X
5, = (O w(s'r) g
T A Sp 4 N ip x p (x + 1T)gSp
s T e+t E

Then, in order to account for changes in weight and changes in dynemic
pressure during any maneuver, the tail load may be given as

Wy = s
Lo Yooaw _ My 8T "‘(CM) 1w Ws (3)
c W Q Q9 x I %vp x o W
-+t — =+ =
¢ € ¢ c
where .T_Tc ig defined as
Tyd
LIII =T‘T+ A (ll-)
¢ X + lp

and where Wg 18 an arbltrary standerd weight taken as 9600 pounds
and q is the dynamic pressure at the beginning of any one maneuver.

From these equations the static-longitudinal-staebility parameter
(BCM/BCL)WF, the wing-fuselage aerodynamic center, the tail load per g
(dLT/dnA) , and the zero-lift wing-fuselage pitching-moment coeffilclent
c cen be determined.

Cro),

BCM _X
(=), 5 >
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From the values obtained for x/T, quo) may be determined from
' WF

equation (3).

A time history of the measured quantities during a turn is shown

W q
in figure 7. The variation of LTc 1? %% with np 2 and the horizontal-
a
tail normal-force coefficient with airplane normal-force coefficient for
this maneuver are shown in figures 8 and 9, respectively. The values of
aerodynamic center, (BCM/BCLiur, tail losd per g, and (C ) presented
WF Yo )up

in this paper were obtalned from date such as those shown in figures T
to 9. The wind-tunnel tests of reference 3 indlcate that the wing- ,
fuselage serodynamic center varies somewhat with 1ift coefficient. The
data obtained from the present flight tests indicate that the movement
of the serodynamic center with normal-force coefficient is small for the
Mach number and normal-force-coefficient range presented in this paper.

The varistion of the wing-fuselage aserodynamic center with Mach
nunber is shown in figure 10. At a Mach number of 0.37 the aerodynamic
center is located at 10 percent of the mean aerodynamic chord and moves
gradually rearward to 15 percent of the mean aerodynamic chord at a Mach
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number of 0.80. From a Mach number of 0.80 to 0.87 the aserodynemic center
moves rearward fairly sbruptly to sbout 20 percent of the mean aerodynamic
chord.

Also shown in flgure 10 is the variation of the aerodynamic center
with Mach number for the Douglas D-558-II eirplane obtained in the wind-
tunnel tests of reference 3. The flight tests indicate that the aero-
dynamic center is approximately 4 percent of the mean serodynamic chord
ferther forwerd than indicated in the wind-tunnel tests. A part of this
difference may be attributed to the difference in configurations. The
wind-tunnel model did not have intake ducts and had z flush-type canopy.

The abrupt movement of the wing-fuselage aerodynamlc center to the
rear, shown beyond a Mach number of 0.80, was indicated in the flight
tests for airplane normal-force coefficients below O.4%. The wind-tunnel
data indicate a similar trend at comparable 1ift coefficlents.

The veriation of the static-longitudinal-stebility perameter
(BCM/BCL)WF with Mach number is showh in figure 11. The date are

presented for a center-of-gravity position of 26 percent of the mean
aerodynamic chord. Also shown are the wind-tunnel data of reference 3
corrected to the same center-of-gravity location. These data Indilcate

a gradusl increase in stability of the wing-fuselage combination between
a Mach number of 0.37 and 0.80, and a more abrupt increase in stability
at Mach numbers between 0.80 and 0.87.

An application of the preceding results i1s shown in figure 12 as the
variation of the horizontal-tail load per g dLT/dn with Mach number.

Data are presented for & center-of-gravity locetion of 26 percent of the
mean aerodynamic chord and a weight of 9600 pounds. These data indicate
that the tall load per g decreases from 520 pounds per g at a Mach number
of 0.37 to 400 pounds per g at & Mach number of 0.80. From a Machk number
of 0.80 to 0.87 the taill load per g decreases to approximstely 200 pounds

per g.

The variation of the pitching-moment coefficlent of the wing-fuselage
combination at zero airplene 1lift (CMO) with Mach number is shown in
WF

figure 13. Also shown are the results from the wind-tunnel tests of
reference 3. There 1s no appreciable change in (CMO)JF for Mach numbers

-

up to 0.87 and the data are in general agreement with the wind-tunnel
data. The value of (CMO)WF obtained from the flight tests is about ~0.0k.
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SUMMARY OF RESULTS

Flight measurements of serodynamic tail loads on the Douglas D-558-IT
research airplene at Mech numbers up to 0.87 have indicated the following
results:

1. For the normal-force-coefficlent range covered in these tests,
the wing-fuselage serodynsmic center moves gradually rearward with Mach
numbers from 10 percent of the mean serodynamic chord at a Mach number
of 0.37 to 15 percent of the mean serodynamic chord at & Mach number
of 0.80 indicating a gradual increase in the stebility of the wing-
fuselage combinstion. From a Mach number of 0.80 to 0.87 the aerodynamic
center moves more sbruptly rearward to gbout 20 percent of the mean
aerodynamic chord.

2. The wing-fuselage pltching-moment coefficient st zero 1lift
(CMb) is approximately -0.04 and does not vary with Mach number up to
WF

a Mach number of 0.87.

3. The aserodynsmic horizontal-tail load per g 1s 520 pounds per g
at a2 Mach number of 0.37 end decreases’to 400 pounds per g st a Mach
number of 0.80. Ag the Mach number increases fram 0.80 to 0.87 the tail
load per g decreases to gbout 200 pounds per g.

Langley Aerconautical Laborstory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABIE T
DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-IT AIRPLANE

Wing:
Root airfoil section (normsl to 0.30 chord) . . . « . . . .NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-012

Total area, sg £F . . . & - v v ¢ v v e et h d a e s s e .« 175.0
Span, ft . . . . . . . e 4 & s s & e s e 8 s & o s e o s & a 25.0
Mean aerodynamic chord, in. e o . e ¢ « o o &+ o « « 87301
Root chord (parallel to plane of symmetry), in. . . .. .. . 108,508
Tip chord (parallel to plane of symmetry), in. .. ... ... 6118
Maper TAEI0 v v o o o o o o o o « o« o o o o e e e e e e e .. 0.565
Aspect ratio . . . . e & o « 2 8 o e o a e« o e s e s s « s « 3570
Sweep at 0.30 chord, deg e e e e et e e e s e e s e e s« «35.0
Incidence at fuselage center line, deg e e« s+ s e« 4 4« s s e« « s 3.0
Dihedral, €8 + « « « o « o o o o o o o o« o s o o s o« s o o o « « =3.0
Geometric twist, deg . . . . . . T ¢
Total aileron area (aft of hinge), BG £t o « + o o s o s o . .. 9.8
Alleron travel (each), deg€ . « « o « « ¢ o o o« o o« o. s o o o « o« %15
Total flap area, BQ ft .+ &+ « « + ¢ & ¢ &« « ¢ « « o « « o « « o 12,58
Flap travel, G€ . « & « « « o o« o « « &« s o s o a o« o s + ¢ « o« « 90

Horizontal tail:
Root airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Tip airfoil section (normal to 0.30 chord) . . . . . . . NACA 63-010
Area (including fuselage), s@ £t .« & ¢ ¢« &« « « ¢ ¢ o o + « » « » 39.9
Span, IN. « & ¢ s+ ¢ ¢ 4 4 4 4t e s e e e e e e e e e
Mean serodynemic chord, in. . . . B S A ]
Root chord (parallel to plane of symmetry), in. « . . ¢« ... .53.6
Tip chord (pesrallel to plene of symmetry), in. + . . . « . . . . 26.8
Taper T8Ei0 ¢ ¢« ¢ 4 ¢ ¢ ¢ o s+ 2 & s o o a s 2 e s o 4 « o s s « « 0.5
Aspect T8L10 ¢ ¢ ¢ i i i it d e sk s e e e s e 4 s e s s o « « 3.59
Sweep at 0.30 chord 1ine, A€ « « &+ « « « « « » 2 &« = « « « « « « 40.0
Dihedral, deg . +« « « o « s s o a o o s s s s o« = o o o ¢« o « « o« 0
Elevator area, 8q ££ . . ¢« + ¢« ¢ « ¢ ¢ 4 o . . . 4
Elevator travel, deg . « o « ¢ o ¢ o« o ¢« ¢« o o
Stabilizer travel, deg . « « « « 4 ¢ ¢« ¢ « .+ o b

F'-
= .
&

-

AV |

£

=

Q

:
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TABLE I
DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-II AIRPLANE - Concluded

Vertical tail: - ' )
Airfoil section (parallel to fuselage center line) e e .

Area, sg ft . . . . . . . . o . . ¢ s et e e s 4 e 4.
Height from fuselage center line, in. « @ ot oe e e o a
Root chord (parallel to fuselage center line), in. .« ..

Tip chord (parallel to fuselage center line), in. . . . .
Sweep angle at 0.30 chord, deg . . . . e e o & 4 e »
Rudder area (rearward of hinge line), sq ft e e e e e
Rudder travel, deg . « ¢« ¢« ¢ ¢ « ¢ ¢ ¢ o o o ¢ o ¢ o« o« =«

Fuselage:
Length, £t . « ¢ o« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o & o « o » o =
Maximum diaemeter, In. . . . .« ¢« ¢ o & + ¢ ¢ ¢ o o 4 . . o
Fineness ratio . « « ¢ ¢ ¢ v ¢ @ ¢ ¢ 0 4 e e T e e 4
Speed-retarder area, sq ft . . . . . ¢ o o .00 . .

Power PLlaNt « ¢« « o o ¢ o o ¢ ¢ ¢ o s o o o ¢ ¢ o s ¢ s o o

NACA 63-010
. . . . 36.6

... 16.0
.. hho

o}

. . . . 60,0

. . . . 8O
5

. J-34_VE-40

two Jatos .for take-off
Airplane weight (full fuel), 1b v v v v 4 « & &« « o o o & « « « . 10,645
Airplane weight (no fuel), 1b . . . . . . . « . o o o o« .+ . . 9,085
Airplane weight (full fuel and two jatos), b . . . . . . . . . . 11,060
Center-of-gravity locations:
Full fuel (gear down), percent mean aerodynamic chord . . . . . . 25.3
Full fuel (gear up), percent mean aerodynamic chord . . . . . . . 25.8
No fuel (gear down), percent mean aerodynemic chord . . . . . . . 26.8
No fuel (gear up), percent mesn aserodynamic chord . . . . . . . . 27.5
Full fuel and two jatos (gear down), percent -
mean gerodynamic chord . . « e e s e s s s s s s e s s e « « 29.2
RRCAT



Flgure 1.~ Front view of Douglas D-558-IT (Budero No.
alrplane.
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Figure 3.- Three-view drawing of the Douglas D-558-IT (Budero No. 37974)
research airplane.
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Figure 4.- Sectlion of wing slat of Douglas D-558-II (Bufero No. 37974)
research alirplane perpendicular to leading edge of wing.
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Figure 12.- Variation of the horizontal tail load per g with Mach nmumber.
Wo, 9600 pounds; center of gravity, 26 percent mesn serodynamic
chord.
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Figure 1l.~ Varlation of the static-longltudinsl-stability parameter
(acM/acL)wF with Mach mmber. Center of gravity, 26 percent mean

eerocdynanic chord.
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Figure 13.- Variation of the zero-1ift wing-fuselage pitching-moment
coefficient with Mach mmber.
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